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Abstract 
Toxin production and toxin profiles of four Raphidophytes grown under different 
salinities were compared to investigate the influence of salinity on cellular content of 
neurotoxin. In Chatonella andqua CaTx-1, CaTx-11, and CaTx-111 peaked at 25 pplt with 
yields of 0.99, 0.42, and 2.90 pg/ceU, but the highest yields (2.35 pg/cell) of CaTx-IV was 
auained at 30 ppt. On the other hand, Chatonella marina yielded higher proportions of 
CmTx-1 (0.55 pg/ceH) and CmTx-111 (2.50 pg/cell) at 25 ppt. However, CmTx-IV was 
present in its highest amount (1.65 pg/cell) at 30 ppt, as seen in C anriqua. A smaH 
amount of CmTx-11 was also detected at 20-35 ppt. The toxin compositions indicate that 
H. akashiwo is more sensitive to higher salinities than the other three raphidophytes. 
Substantial compositional change was observed in case of H. akashiwo. HaTx-11 
(corresponding to PbTx-9) was detected only as a trace at 20 and 25 ppt. Toxin HaTx-IV 
(corresponding to oxidized PbTx-2) was most dominant and peaked at 20 ppt with a 
yield of 0.3 pg/cell. Considerable amounts of HaTx-1 and III (corresponding to PbTx-2 
and 3) were also detected. At higher salinities of above 25 ppt HaTx-11 was not detected. 
F. japonica gave highest yields of FjTx-11 (PbTx-2) and FjTx-IV (Oxidized PbTx-2) at 20 
ppt with yields of 0.95, 1.54 pg/cell while the production of toxic profiles FjTx-1 (PbTx-
1) and FjTx-111 (PbTx-3) peaked at 25 ppt with yields of 0.99, 2.54 pg/ceU. A sharp 
decrease in all toxins profiles (CaTx, CmTx, HaTX and FjTx) was found at salinities of 
above 30 ppt. 
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Introduction 
Algal blooms are a serious coastal problem with consequences for seafood consumption, 
human health, ecosystem, and tourism and recreation. Although they can occur 
naturally and provide food for other organisms, they can also have harmful effects on the 
aquatic ecosystem. Global increases in the frequency and severity of harmful algal 
blooms (HABs) have posed a significant threat to the world's coastal environment 
(Anderson 1989, HaHegraeff 1993, Landsberg 2002). Most marine Raphidophyceate are 
bloom and ichthyotoxin producers. Raphidophycean flagellates produce neurotoxic, 
hemolytic, haemo-agglutinating compounds and oxygen radicals and have caused severe 
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fish mortalities with significant damage to the aquaculture economy in several countries. 
Massive fish kiUs due to raphidophycean bloom have been noticed worldwide, including 
in Hong Kong, Japan, Canada and Australia (Hallegraeff et al. 1998, Landsberg 
2002).The raphidophytes Chattonella antiqua (Hada) Ono C marina (Subrahmanyan) 
Hara et Chihara have been found to produce brevetoxin and posing a great threat to the 
aquaculture industry along the coast of Japan (Onoue and Nozawa 1989, Onoue et al. 
1990, Ahmed et al 1995a, 1995b). Heterosigma akashiwo (Hada) Hada is a bi-flageHated, 
single celled, golden brown Raphidophycean. This ichthyotoxic red tide organism has 
been associated with fish kiH events within the aquaculture industry for many years. 
Net-penned fish deaths related to Heterosigma blooms have been particularly prominent 
in the northeast Pacific, notably around Japan. In the United States it has been found 
on both coasts (Hargraves and Maranda 2002) and is considered the causative organism 
involved in fish farm kills in Washington State on the West coast. 
Fibrocapsa japonica (Toriumi and Takano) is a yellow-brown bloom producing 
raphidophyte associated with devastating effects on maricuhure and causing Neurotoxic 
Shellfish Poisoning (NSP). Bloom of F. japonica have been reported in different coastal 
areas of Japan; In 1991, F. japonica was also detected in European coastal waters for the 
first time : on the channel coasts of Normandy, France and in Dutch coastal waters. Red 
tides, arising in bays and enclosed marine waters, have been observed along the north-
eastern coastline of New Zealand (1992), in the southern central North Sea (1993) and at 
the Seal station at :friedrichskoog. During a bloom, the tissue from dead seals contained 
considerable amounts of fibrocapsin, a toxin specifically associated with F. japonica. 
The potential toxicity, the world-wide distribution of these raphidophytes algae 
represents a growing threat to human health and is a global socio-economic problem. 
Therefore, there is a need to understand the ecophysiological factors that control growth 
bloom dynamics as well as toxin production and toxicity. Information on the 
ecophysiology of these blooms, based on associations with environmental variables is 
needed. Some investigations associated with the toxin production of these raphidophytes 
have been reported (Khan et al. 1995 1997, Haque and Onoue 2002a, b). But toxin 
production of these four raphidophycean at different salinities was not compared. In this 
study, we investigated and evaluated the potentiality of raphidophytes and compared the 
toxin profiles of the four cultured raphidophytes, H. akashiwo~ C marina, C antiqua~ F. 
japonica and H. akashiwo. 
Materials and methods 
Culture conditions 
The raphidophyte C antiqua used in this study was isolated from Yatsushiro Sea, 
Japan during massive red tide out break in 1984. C. marina and H. akashiwo were 
isolated from Kagoshima Bay in Japan, during the red-tide outbreak in 1978 and 1995, 
.respectively. The strain of F. japonica was obtained from Dr. Engel G. V.rieling 
(University of Groningen, the Netherlands), which was isolated from the Dutch part of 
the North Sea in 1993. All the strains were maintained in the laboratory. The stock 
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culture of each species was maintained in the test tubes containing 10 rnl of Provasoli's 
ES media (Provasoli 1968) at 25oC (± 1 oq, irradiance 60 ~E m-2s·1 and photoperiod 12L: 
12D. For analysis of toxin compositions the cultures (C. anti qua_, C. marina_, H. akashiwo 
and F. japonica) were grown in 15L media in 20L Pyrex carboys receiving very gentle 
aeration. The salinity of the culture media was increased from 20 ppt to 40 ppt. The 
experiments were done in triplicate. Culture media were made using sea water from 
Kagoshirna Bay, autodaved for 15 minutes at 121 oc, and aged for several days. 
Separation of neurotoxins 
The mid logarithmic cultures of aH the species were used for the extraction of toxin. 
Neurotoxins were extracted from the 16L cultures of aU the raphidophytes at 20-40 ppt 
by a modification of Method of Baden and Mende (1982). The cultures were fractionated 
with dichlorornethane using a ratio of 2:1 (culture media: dichlorornethame). The 
dichlorornethane layer was concentrated at 3rC in vacuo to dryness, dissolved in 90% 
methanol, and shaken with petroleum ether. The methanol layer was then concentrated 
to dryness and dissolved in ethanol. The ethanol extract containing crude neurotoxins 
were partially purified on fluorescent TLC plates (20x20 ern) of silica gel (Merck, 
Germany) with a solvent system of acetone: petroleum ether (30:70). Fractions of C. 
antiqua (designated CaTx-I, CaTx-II, CaTx-HI and CaTx-IV) and of C. marina 
designated CrnTx-I, CrnTx-II, CrnTx-lH and CrnTx-IV) were collected from the plates 
and extracted with ethanol. Four neurotoxic components HaTx-I, HaTx-H, HaTx-III 
and HaTx-IV were separated from H. akashiwo cultures on HPLC analysis which were 
compatible with PbTx-2, PbTx-9, PbTx-3 and oxidized PbTx-2. Four toxic fractions of 
F. japonica (designated FjTx-I, FjTx-II, FjTx-III and FjTx-IV) with Rf values of 0.32, 
0.29, 0.17 and 0.06 were collected. Toxin fractions collected from the four raphidophytes 
and their and Rf (ratio of the distance traveled by a fraction to the distance traveled by 
the developing solvent) values in a solvent system of acetone: petroleum ether (30:70) are 
given in Table L 
Table 1. Rf values of four raphidophytes in a solvent system of acetone: petroleum ether (30:70) 
Species Toxin component Standard toxin Rfvalues 
Chatronella antiqua CaTx-1 PbTx-1 0.32 
CaTx-11 PbTx-2 0.29 
CaTx-111 PbTx-3 0.17 
CaTx-IV Oxidized PbTx-2 0.06 
Heterosigma akashiwo HaTx-1 PbTx-2 0.29 
HaTx-11 PbTx-9 0.24 
HaTx-IH PbTx-3 0.17 
HaTx-IV Oxidized PbTx-2 0.06 
Fibrocapsa japonica FjTx-I PbTx-1 0.32 
FjTx-II PbTx-2 0.29 
FjTx-III PbTx-3 0.17 
FjTx-IV Oxidized PbTx-2 0.06 
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Chanonella marina CmTx-I 
CmTx-II 
CmTx-III 
CmTx-IV 
PbTx-2 
PbTx-9 
PbTx-3 
Oxidized PbTx-2 
0.29 
0.24 
0.17 
0.06 
The collected fractions from each species were then applied to a C-18 reverse phase 
HPLC (Hitachi type 65, Tokyo) system with isocratic 85% aqueous methanol as the 
mobile phase. Toxins were detected on a UV monitor at 215 nm. Retention times of the 
components were compared with those of standard brevetoxin, (PbTx-1, PbTx-2, PbTx-
3, PbTx-9 and Oxidized PbTx-2 (Fig. 1). The peaks corresponding to PbTx-1, PbTx-2, 
PbTx-3, PbTx-9 and oxidized PbTx-2 were collected and their Rf values were compared 
with standards on the same fluorescent TLC plate (20 x 20 em) of silica gel (Wako). 
They matched exactly each other. 
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Fig L Structures of Brevetoxin.s (RoszeH er al 1990) 
Results 
C. antiqua (Hada) Ono contained toxin components CaTx-I, CaTx-II, CaTx-III, and 
CaTx-IV, which corresponded to brevetoxin components PbTx-1, PbTx-2, PbTx-3, and 
oxidized PbTx-2. The major components of the toxins were CaTx-III (PbTx-3) and 
CaTx-IV (Oxidized PbTx-2), and the minor components were CaTx-I (PbTx-I) and 
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CaTx-II (PbTx-II). Similady, C marina inducted CmTx-I, CmTx-H, CmTx-III, and 
CmTx-IV corresponding to PbTx-2, PbTx-9, PbTx-3, and oxidized PbTx-2. Toxin 
yields in both species varied markedly with a change in salinity concentration. In C 
antiqua CaTx-I, CaTx-11, and CaTx-III peaked at 25 ppt with yields of 0.99, 0.42, and 
2.90 pg/cell, but the highest yields (2.35 pglceH) of CaTx-IV was attained at 30 ppt. The 
yields of all CaTx components decreased sharply at salinities exceeding 30 ppt. On the 
other hand, C marina yielded higher proportions of CmTx-I (0.65 pglcell) and CmTx-
III (2.50 pglcell) at 25 ppt. However, CmTx-IV was present in its highest amount (1.65 
pglceH) at 30 ppt, as seen in C antiqua. A small amount of CmTx-11 was also detected at 
20 ppt-35 ppt. H. akashiwo showed variations in toxin production at different salinity 
levels also. Lower salinity greatly influenced the toxin production of this species. The 
highest amount of toxin was produced at 20 ppt. Toxin HaTx-11 (PbTx-9) was not 
produced at 30-40 ppt salinities. A negative correlation between salinity increase and 
toxin production was found on HPLC analysis of H. akashiwo toxins (HaTx-I, II, III 
and IV). Toxin HaTx-IV (corresponding to oxidized PbTx-2) was most dominant and 
peaked at 20 ppt with a yield of 0.3 pglcell. Considerable amounts of HaTx-I and III 
(corresponding to PbTx-2 and 3) were also detected (Table 2). However, HaTx-II 
(corresponding to PbTx-9) was detected only as a trace at 20 and 25 ppt. The yields of an 
the toxic components were relatively high at 20 ppt salinity. A sharp decrease in aH 
toxins was found at salinities above 30 ppt (Table 2). In case of F. japonica toxin 
composition FjTx-III (PbTx-3) and FjTx IV (Oxidized PbTx-2) was the major 
component and FjTx-I (PbTx-1) and FjTx-II (PbTx-2) was the minor component. 
Highest amount of FjTx-II (PbTx-2) and FjTx-IV (Oxidized PbTx-2) was produced at 
20 ppt with yields of 0.95, 1.54 pglcell while the production of FjTx-I (PbTx-1) and 
FjTx-III (PbTx-3) peaked at 25 ppt with yields of 0.99, 2.54 pglceU. 
Table 2. Yields of toxin composition (pg/ceH) of four raphidophytes at different salinities 
Toxin composition Salinity ppt 
Chattonella anriqua 20 25 30 35 40 
CaTx-1 (PbTx-1) 0.69 0.99 0.63 0.45 0.25 
CaTx-11 (PbTx-2) 0.40 0.42 0.35 0.23 0.09 
CaTx-111 (Pb-3) 1.84 2.90 1.50 1.00 0.70 
CaTx-IV (Oxidized P bTx-2) L95 2.00 2.95 2.00 1.85 
Chartonella marina 
CmTx-1 (PbTx-2) 0.50 0.65 0.35 0.25 0.18 
CmTx-11 (PbTx-9) 0.45 0.55 0.20 0.18 
CmTx-111 (PbTx-3) 1.85 2.50 1.65 1.00 0.65 
CmTx-IV (Oxidized PbTx-2) 1.40 1.47 1.53 1.20 1.00 
Hererosigma akashiwo 
HaTx-1 (PbTx-2) 0.10 0.09 0.07 0.05 0.02 
HaTx-11 (PbTx-9) 0.05 0.04 
HaTx-111 (PbTx-3) 0.20 0.10 0.08 0.067 0.04 
HaTx-IV (Oxidized PbTx-2) 0.30 0.20 0.095 0.065 0.05 
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Fibrocapsa faponica 
FjTx-I (PbTx-1) 0.78 0.99 0.65 0.56 0.48 
FjTx-II (PbTx-2) 0.95 0.85 0.78 0.70 0.63 
FjTx-III (PbTx-3) 1.98 2.54 1.65 1.58 1.46 
FjTx-IV (Oxidized PbTx-2) 1.54 1.42 1.35 1.28 1.15 
Discussion 
Temperature, light intensity and salinity are important environmental factors which 
greatly affect the algal physiology. Grandi et al (1998) reported that toxin contents in 
phytoplankton cells could vary widely in relation to the growth phase and external biotic 
environmental factors such as temperature, salinity, light intensity and nutrients. 
Variations in salinity control the biological process of algae and thus the toxin 
production. In our investigation toxin production of four raphidophytes were found to 
be influenced by the salinity change. Several researchers have emphasized the 
importance of salinity on toxin production and bloom occurrence. A marked variation in 
toxin production was observed due to salinity change in Gonyaulax excavata (Braaud) 
Balech (White 1978) and Pyrodinium bahamense var. compressum (Usup et al 1995). 
Blooms have been most related to temperature and moderate salinity in the coastal zone 
(Li and Smayda 2000, Connell and Jacobs 1997). 
From our experiment it was observed that each of the species responded differently 
to the salinity change. Lower salinity greatly influenced the toxin production of the 
species H. akashiwo. The highest amount of toxin was produced at 20 ppt. Similar trend 
of toxin production was documented for Pyrodinium bahamense_, where four fold 
increases in toxin production at low salinities was observed compared to high salinities 
(35 ppt) (Usup et al. 1995). In this study H. akashiwo was more sensitive to higher 
salinities ·than other three raphidophytes. Nielsen and Tonseth (1991) suggested that 
each strain and species of phytoplagellates has a specific preference and requirement for 
ecological parameter and they response to each.ofthe factor differently. 
Raphidophytes C. antiqua_, C. marina_, H. akashiwo and F japonica have all been 
implicated in numerous fish kills globally. Due to the potential environmental and 
commercial impacts inherent with a bloom of these species, it becomes imperative to 
understand the parameters that govern their toxin production. The effect of salinity in 
toxin production was investigated to evaluate the importance of this factor in natural 
population. The data generated by this investigation can be used to evaluate the 
importance of this factor in natural population and will help to detect the locations and 
seasonality of these harmful algal blooms. 
The information on the physiological responses of cells to salinity observed in the 
present study could provide a better understanding of the bloom dynamics and toxicity 
of raphidophytes. Understanding the dynamics of bloom can assist in the predicting of 
raphidophycean blooms and is essential for the mitigation of harmful dinoflagellates in 
coastal and estuarine ecosystems. 
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